Common and cell type-specific responses of human cells to mitochondrial dysfunction.
In yeast, mitochondrial dysfunction activates a specific pathway, termed retrograde regulation, which alters the expression of specific nuclear genes and results in increased replicative life span. In mammalian cells, the specific nuclear genes induced in response to loss of mitochondrial function are less well defined. This study characterizes responses in nuclear gene expression to loss of mitochondrial DNA sequences in three different human cell types: T143B, an osteosarcoma-derived cell line; ARPE19, a retinal pigment epithelium cell line; and GMO6225, a fibroblast cell population from an individual with Kearns-Sayre syndrome (KSS). Quantitative real-time reverse transcriptase-polymerase chain reaction (RT-PCR) was used to measure gene expression of a selection of glycolysis, TCA cycle, mitochondrial, peroxisomal, extracellular matrix, stress response, and regulatory genes. Gene expression changes that were common to all three cell types included up-regulation of GCK (glucokinase), CS (citrate synthase), HOX1 (heme oxygenase 1), CKMT2 (mitochondrial creatine kinase 2), MYC (v-myc myelocytomatosis viral oncogene homolog), and WRN (Werner syndrome helicase), and down-regulation of FBP1 (fructose-1, 6-bisphosphatase 1) and COL4A1 (collagen, type IV, alpha 1). RNA interference experiments show that induction of MYC is important in rho0 cells for the up-regulation of glycolysis. In addition, a variety of cell type-specific gene changes was detected and most likely depended upon the differentiated functions of the individual cell types. These expression changes may help explain the response of different tissues to the loss of mitochondrial function due to aging or disease.